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Abstract 

 

The paper briefly describes factors influencing the effectivity of forgings production. 

It focuses on lifetime of forging dies and possibilities of surface layers mechanical 

strengthening application. Included are also the results of experiments in the area of surface 

layer strengthening of forging die tool steels by shot peening. The article presents the results 

obtained on the basis of monitoring the influence of the initial hardness on the surface 

roughness after shot peening and on the course of hardness in the surface layer after shot 

peening. The results of the experiments confirmed the beneficial effect of mechanical 

reinforcement (strengthening) on the final properties of surface layer. 
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INTRODUCTION 

 

Forgings have significant share in various branches of industrial production as finished 

parts or semi-finished parts. They play a significant role in automotive industry, which has 

dominant position in industrial production in Slovakia. There are mainly forgings for car 

engines (engines, transmissions, axles, semi-axes), shafts, bearing rings, etc. The effectiveness 

of forgings production is influenced by several factors, such as expenses for forging die 

production connected with forging die lifetime. 

 

FACTORS INFLUENCING THE FORGINGS PRODUCTION EFFECTIVITY 

 

The factors influencing effectiveness of forgings production are: 
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a) Material consumption – material consumption during forging is influenced by forging     

method, design of forging, machining allowances influenced by accuracy grade at forging 

or by allowances for grinding at precise forging, the mode and precision of material cutting.                        

b) Energy consumption  

- for material heating  - energy consumption for heating of forged material is influenced by 

forging temperature i.e. by value of temperature, precision of heating and mode                                           

of heating, 

- for pre-heating of forging die – mode of pre-heating, 

- for forging operation – optimal proposal of machines and devices, 

- for heat treatment of forging –  the possibility of application of  residual heat                             

after forging, 

- for cleaning of forgings – shot blasting, tumbling,  

- for forgings inspection – depends on difficulty and requirements on  inspection. 

c) Forging tools  

- expenses for production – forging die, cutting-off tool – mode of  production, 

- durability and lifetime of forging tools – application of methods enabling increasing                              

of basic lifetime of forging tools, 

- expenses for renovation and repair of forging tools – the method of  renovation                             

(welding-on, reduction, inserting), 

- design of forging tool – application of simulation for decreasing of expenses                                 

on additional adjustment of forging tools.  

d) Technological operations of forgings production  

- the number and kind of operations, 

- the mode of pre-forging, 

- the kind of lubricant and mode of lubrication.  

 

The significant factor of forgings production effectiveness is their added value, such as 

increase of mechanical properties, decrease of expenses on machining, increasinge of safety, 

decrease of weight, etc. 

In the next section, the focus will be on chosen methods of influencing the durability and 

lifetime of forging tools, especially forging dies. The focus will be on possibility of surface 

layers mechanical strengthening application. The problem of forging dies lifetime increasing is 

topical in terms of application of precision forging in closed dies. In precision forging, every 

change of shape and dimensions of forging die which is caused by wear and squeezing decreases 

forgings’ precision and possible rejection of a forging die.  

 

METHODOLOGY AND RESULTS OF EXPERIMENTS FOR MECHANICAL 

STRENGTHENING OF SURFACE LAYERS 

 

The lifetime of forging tools and other dynamically stressed parts is influenced 

significantly by surface layer. The surface layer is very exposed to effects of various factors 

influencing lifetime. It can be stated, that if the surface layer of part, formed part or tool is 

suitably strengthened (or improved other way) during its production, the assumption of their 

lifetime and application properties increases [1, 2]. 

Two grades of tool steels 19552 and 19663 were used to evaluate the effects of mechanical 

strengthening. The chemical compositions of those steels are in Tables 1 and 2. 

 

 



DOI 10.2478/rput-2022-0001 3 

 

Table 1 Chemical composition of 19552 steel  wt. % 

C Si Mn Mo Cr V P S 

0.32 

to 

0.42 

0.80 

to 

1.20 

0.20 

to 

0.50 

1.10 

to 

1.60 

4.50 

to 

5.50 

0.35 

to 

0.60 

max. 

0.030 

max. 

0.030 

 

Table 2 Chemical composition of 19663 steel  wt. % 

C Si Mn Cr Mo Ni V P S 

0.50 

to 

0.60 

0.10 

to 

0.40 

0.65 

to 

0.95 

0.80 

to 

1.20 

0.35 

to 

0.55 

1.50 

to 

1.80 

0.05 

to 

0.15 

max. 

0.030 

max. 

0.030 

 

The mechanical strengthening of surface layers is based on surface plastic deformation 

after heat treatment or before heat treatment of forging dies, resulting in fine grain martensite 

structure in the strengthened surface layer after heat treatment.  

The mechanical methods of surface layer strengthening, and thus also dynamic shot 

peening, causes in surface layer:  

- densification of material by closing of voids, increasing of hardness, yield strength    

and tensile strength, 

- layered structure by plastic deformation of grains, 

- change of surface quality and tribological properties, 

- internal residual stresses created by compressive stresses in surface layers during  

  strengthening (Fig.1). 

 

Fig. 1 Characteristic curves of internal residual stresses 

a – before shot peening (after machining or subsequent heat treatment), b – after strengthening                           

of surface layer by surface plastic deformation 
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The compressive stresses in strengthened surface layer increase fatigue limit and fatigue 

strength. At steels with content of 0.45 to 0.48 % carbon the increasing of fatigue limit can be 

after strengthening in average 32 % [3, 4]. The problem of fatigue resistance increasing by 

applying compressive residual stresses were studied especially by Kudryavtsev, Horger, 

Johanson, Odintsov and others. Another parameter changed by strengthening is wear resistance 

of strengthened surface. The wear resistance is influenced also by depth of strengthened layer 

and degree of strengthening. The strengthening of surface layer increases wear resistance 

according to [5] in average 1.5 to 6 times. 

To verify the beneficial effects of surface layers mechanical strengthening by dynamic shot 

peening on properties of surface layers of 19552 and 19663 forging dies tool steels following 

methods were used: 
- observation of heat treated samples cyclic stress resistance and evaluation of strengthening 

effectiveness by number of cycles until failure at impact energy 160 J, 

- observation of hardness values from surface by gradual grinding of thin layer and 

observation of microhardness on grinded and polished cross-section of samples, 

- observation of surface roughness and character of roughness after shot peening,  

- X-ray diffraction analysis to evaluate content of residual austenite before and after 

strengthening, 

- observation of character and morphology of fracture surfaces after test of cyclic stress 

   resistance. 

The shape and dimensions of test samples for study of cyclic stress resistance and some 

other parameters of strengthened surface layer which are important for applications as forming 

tools and dies are shown in Fig. 2. 

 

Fig. 2 Shape and dimensions of test sample for study of cyclic stress resistance and observation                       

of some other parameters of strengthened surface layer 

 

The parameters applied during strengthening of surface layer were:  

- speed of balls impact on surface 30 to 32 m.s-1,  

- shot peening time 4, 6, 8 and 10 minutes,  

- ball diameter 1 to 1.5 mm,  

- amount of impacting balls 85±10 kg.min-1. 

The samples were strengthened from three sides, and thus also the notch made on sample 

was strengthened. 

This paper focuses just on selected results of experiments because of the limited number 

of pages. 
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Observation of hardness curves after shot peening 

 

The hardness measurement by gradual grinding of layers with thickness of 0.05 mm 

established that all observed samples with initial hardness from 40 to 48 HRC and shot peening 

time 4, 6, 8 and 10 minutes exhibit the depth of strengthened surface layer from 0.35 to 0.4 mm. 

The beneficial dependence of hardness was established also by microhardness measurements 

of samples from 19552 steel with initial hardness 40 and 48 HRC. The graph of average 

microhardness value in cross-section after shot peening time 8 minutes is in Figs. 3 and 4. At 

lower initial hardness, the increase of surface layer hardness is higher because of larger plastic 

deformation of samples with lower hardness before shot peening. 

 

Fig. 3 Influence of distance from surface on mean value of microhardness HV0.1 (initial value before 

shot peening 40 HRC) for steel 19552 

 

Fig.4 Influence of distance from surface on mean value of microhardness HV0.1 (initial value before 

shot peening 48 HRC) for 19552 steel 

Observation of initial hardness and shot peening time influence on surface hardness 

The observation of initial hardness influence on surface roughness after shot peening for                   

8 minutes proved significant influence of initial hardness on final surface roughness. The 
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dependence of average roughness value on initial hardness before shot peening drawn from 

values measured on six samples from 19552 steel is on Fig. 5. Surface roughness before shot 

peening was Ra = 1.25 μm. 

 

Fig. 5 The influence of hardness before shot peening on surface roughness after shot peening 

(shot peening time 8 minutes for 19552 steel) 

 

The graph of surface roughness after shot peening dependence on shot peening time at 

initial hardness 50 HRC drawn from values measured for 19552 steel is in Fig. 6. 

 

Fig. 6 The influence of shot peening time on surface roughness after shot peening                                          

(initial hardness 50 HRC) 

The curve in Fig. 6 proves that, at low shot peening time, the surface roughness increases 

because the samples were grinded after heat treatment. After reaching 6 minutes, the surface 

roughness after shot peening gradually decreases and the character of surface roughness 

changes also (the profile of surface roughness does not have sharp notches).  

With a short shot peening time (4 or 6 minutes) at a reinforcement intensity                                              

of 85±10 kg.min-1, there was no sufficient overlap of the traces after the balls fell on the 
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strengthened surface, which led to an increase in surface roughness Ra. Dynamic shot peening 

also causes a change in the character of the surface layer profile and the formation of a certain 

structured surface, which may also have a beneficial effect on tribological properties when 

applying lubricant during forging. 

 

Observation of residual austenite content by X-ray diffraction analysis 
 

In the samples made of 19552 steel, the content of residual austenite was evaluated in 

surface layers before and after shot peening by X-ray diffraction analysis. The results can be 

seen in Fig. 7. The samples were analysed by PHILIPS PW 1710 X-ray diffractometer. It was 

established that residual austenite content after shot peening decreased by about 4 to 5 % due 

to surface layers plastic deformation and residual compressive stresses. The large amount of 

residual austenite was transformed to martensite. It is also one of the reasons of increased 

surface layers hardness after shot peening. This is interesting knowledge about heat treated parts 

surface layers strengthening. It also confirms that martensitic transformation is non-diffusive 

and slip. 

 

Fig. 7 Results of X-ray diffraction analysis of 19552 steel samples 

 

DISCUSSION AND CONCLUSION 

 

The method of mechanical strengthening of surface layers is a relatively universal method 

based on surface plastic deformation connected with deformation strengthening and creation of 

a system of beneficial compressive stresses in surface layers. Versatility of this method of 

surface layer strengthening enables possible application for various large and complex and 

convex and embossed surfaces for various materials, both heat treated and not treated. The 

experimental measurements confirmed beneficial effects of surface layers strengthening by 

dynamic shot peening also in the case of observed tool steel for forging dies and forging die 

inserts. 
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The thickness of strengthened surface layer of the observed 19552 tool steel was from                       

0.3 to 0.4 mm depending on initial hardness. Such thickness is enough to increase the wear 

resistance.  

The hardness curves from surface are of a beneficial character.They confirm the good 

connection of surface, and subsurface layers and suitable parameters of strengthening for 

observed materials at given initial states after heat treatment. 

Effectiveness of the observed materials strengthening is given by their resistance to cyclic 

mechanical stress depending on the initial state before strengthening; usually it was from 60 up 

to 200 %. Such values confirmed the beneficial effect of surface layer strengthening for 

mechanically cyclic stressed parts and tools. The effectiveness of strengthening after cyclic heat 

stress at 450 ˚C decreases by about 10%. The more significant deacrease was observed after 

cyclic heat stress above 550 ˚C. 

Character of roughness profile after shot peening significantly changes in comparison with 

the surface before shot peening. The surface after shot peening has a character of structured 

surface, which can have, during lubrication, beneficial effect on tribological conditions. 

The evaluation of samples with surface layers strengthened by shot peening using X-ray 

diffraction analysis established that the amount of residual austenite decreased by about                                    

4 to 5 %, which was due to the residual compressive stresses in surface layer after surface plastic 

deformation. Thus, the shot peening of samples caused some deformation strengthening and 

increase of surface layer hardness. 

The observation of fracture surfaces of strengthened and non-strengthened samples 

established different character of fracture surface in a surface layer. The fracture surface in the 

surface layer of strengthened sample was rougher than that of the non-strengthened sample. The 

beneficial effect of strengthening on cyclic stress resistance was confirmed. 
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